The bright pre-main sequence star HBC 515 (HD 288313) located in the L1622 cometary cloud in Orion has been studied extensively with optical/infrared imaging and ultraviolet/optical/infrared spectroscopy. The spectra indicate that HBC 515 is a weakline T Tauri star of spectral type K2V. Adaptive optics imaging in the K-band reveals that HBC 515 is a binary with two equally bright components separated by 0.5 ′′ . A very faint third component is found 5 ′′ to the northwest. Spitzer IRAC and MIPS observations show that at mid-infrared wavelengths this third source dominates the system, suggesting that it is a protostar still embedded in the nascent cloud of HBC 515. The close association of a weakline T Tauri star with a newborn protostar in a multiple system is noteworthy. Two nearby T Tauri stars are likely associated with the HBC 515 multiple system, and the dynamical evolution of the complex that would lead to such a configuration is considered.
Introduction
It is well established that pre-main sequence stars have an excess of binaries compared to the main sequence (Reipurth & Zinnecker 1993 , Leinert et al. 1993 , Ghez et al. 1993 . Subsequent studies have confirmed and refined this result, and the separation distribution function for binaries as a function of age is gradually becoming better understood.
Knowledge about higher-order multiples is much more limited. Studies show significant incompleteness in the statistics of multiple stars even for nearby field stars (e.g., Tokovinin 2008) . Various surveys have been performed in search of multiple systems among PMS stars (e.g., Duchêne et al. 2004 , Ratzka et al. 2005 , Correia et al. 2006 . Multiple stars are particularly interesting because they most likely undergo significant dynamical evolution at early stages of their evolution. Studies of non-hierarchical multiple systems show that they are unstable and eject one or more members into either a distant orbit or a complete escape (e.g., Sterzik & Durisen 1995 , Delgado-Donate et al. 2004 . Such disintegration events occur in most cases during the protostellar stage, and some of the ejected objects may not have assembled enough mass to reach the hydrogen-burning stage, and so will end up as some of the many brown dwarfs found in star forming regions (Reipurth 2000 , Reipurth & Clarke 2001 . This scenario has found recent support in the infrared imaging surveys of protostellar sources by Connelley, Reipurth, & Tokunaga (2008a , who have shown that Class I sources have a significant excess of distant companions, which gradually disappear as the cloud cores dissipate, leading to a weakened gravitational binding of these distant components.
The L1622 cloud in Orion hosts the young star HBC 515 (HD 288313), which is surrounded by a bright reflection nebula (see Figure 1 ). HBC 515 (V∼10) is one of the visually brightest known young low-mass stars. Luminous pre-main sequence (PMS) stars are commonly found in star forming clouds, often surrounded by bright reflection nebulae, thus lending a characteristic appearance to regions of young stars. Such bright stars generally fall into one of two categories: either they are Herbig Ae/Be stars (Herbig 1960) , or they are FU Orionis objects (Herbig 1977a) . In nearby clouds, also some T Tauri stars illuminate bright reflection nebulae. HBC 515 is relatively unstudied, thus motivating the following in-depth analysis which among other things has revealed that it apparently forms a pentuple system. ′′ . In 2006, the exposure time was 1 × 900 sec, and the seeing was 1.3 ′′ . In all cases the slit was 0.86 ′′ wide and 7 ′′ long.
Observations
Adaptive optics K-band imaging of HBC 515 was performed using the 8m Subaru telescope on 2003 Dec 15. The observations were done with IRCS employing a pixel scale of 0.0225 ′′ /pxl. Additional AO-assisted K-band spectroscopy was carried out using a slit with 0.15 ′′ width.
The L1622 cloud was imaged with the 8m Subaru telescope and SuprimeCam on 2006 Jan 4 through an Hα filter with FWHM of 99Å and peak transmission of 87.8% at 6596Å. The seeing was 0.75 ′′ , and five 2 min exposures were executed plus one 20 sec exposure.
The low-dispersion long-wavelength IUE observations of HBC 515 were carried out on 1984 March 31 under program FC232 (PI: Reipurth), with the data identifier LWP03061. HBC 515 was exposed for 3120 sec.
The IRTF was used with SpeX on 2005 Jan 24 to obtain a 10 min exposure of the 0.8 -2.5 µm spectral region with SXD and another 10 min exposure of the 2.5 -5.0 µm region with LXD. The spectral resolution ranges from ∼1000 to ∼2000. The data were reduced with Spextool , Cushing et al. 2004 ).
Star Formation in L1622
HBC 515 (HD 288313 = V1793 Ori = BD+1
• 1156 = IRAS 05513+0139) is a bright (V∼9.7, K∼6.9) young star 1 located in the L1622 cometary cloud northeast of the Orion Nebula Cluster (see Fig. 1 ). It has spectral type K2V (Racine 1968 , Herbig 1977b , and is surrounded by an extended reflection nebula called vdB62 (van den Bergh 1966) or Parsamian 3 (Parsamian 1965 ). Photometric observations have demonstrated that HBC 515 is a lowamplitude (∆V∼0.1 mag.) variable with a 2.26 day period, most probably caused by cool starspots (Mekkaden et al. 2007 ).
The L1622 cloud contains a number of other young stars. Herbig & Rao (1972) found four bright Hα emission stars, LkHα 334 to 337. LkHα 336 is a multiple system with three components (Correia et al. 2006 ). Subsequently, Ogura & Hasegawa (1983) found several more faint Hα emission stars, including L1622-6 located about 17 ′′ WNW of HBC 515. Several of these stars were confirmed as Hα emitters by Wiramihardja et al. (1989) and Nakano et al. (1995) . Spitzer has identified a number of infrared excess objects in L1622, so the total young stellar population in the cloud is at least 32 (Reipurth et al. 2008) . Recently, Kun et al. (2008) obtained optical spectroscopy and photometry of many of the PMS stars in L1622 and determined their physical parameters. An HH object, HH 122, has been found in the L1622 cloud (Reipurth & Madsen 1989) , and more recently a number of fainter HH flows have been identified (Bally et al. 2009 ).
Various estimates of the distance to the L1622 cloud are found in the literature. The cloud forms part of the molecular cloud complex in Orion and Monoceros, and Maddalena et al. (1986) quote Herbst (priv. communication) for a distance of 500±140 pc, consistent with the general distance of the Orion OB stars. However, Knude et al. (2002) have studied color excesses of stars towards L1622 and find two jumps in the extinction, one at about 160 pc and another at around 400 pc, and suggest that L1622 is associated with one of them. Wilson et al. (2005) used only three stars measured by Hipparcos and located towards L1622 to suggest a very close distance of 120 pc, with 1σ errors of (+20,-8 pc). It is noteworthy that the L1622 cloud shows a pronounced cometary shape, pointing straight away from the O9.5V star σ Ori. Figure 2 shows that L1622 is located in the tenuous outer layers of Barnard's Loop. There are a number of cometary clouds surrounding σ Ori, the most famous being the Horsehead, all pointing towards the O star (see Ogura & Sugitani 1998 for a map). This is strong evidence for an association between L1622 and the σ Ori region, although the other OB stars in the Orion region are likely to contribute to its cometary appearance. σ Ori itself has a somewhat uncertain distance, Garrison (1967) and Sherry et al. (2008) advocate a distance of 440±40 pc (see also Hernandez et al. 2005) , whereas the Hipparcos distance from Brown et al. (1994) is 360±70 pc. These measurements are all consistent with a distance of about 400 pc. The angular distance between σ Ori and HBC 515 is 5.7
• , corresponding to a projected physical separation of 40 pc. The morphology of L1622 suggests that one sees the cometary cloud approximately from the side, indicating that it is not likely to be significantly closer than σ Ori. Most recently, Bally et al. (2009) have used the surface brightness of the Hα rim of L1622 to argue for a distance consistent with that of the OB stars in the Orion region. Also, Kun et al. (2008) favor a distance of 400 pc. Altogether, it appears that a reasonable distance to L1622 is 400 pc, which is adopted in the following.
L1622 has been observed in a number of millimeter-wavelength transitions (e.g., Maddalena et al. 1986 , Wilson et al. 2005 , and in these studies it is usually named Orion-East, a name that originated with Herbig & Rao (1972) . The center of the cloud has been shown to consist of two condensations in N 2 H + , which form a filament oriented along the axis of the cometary cloud (Lee et al. 2001) . L1622 has also attracted attention since it was detected in the centimeter-wave continuum (Casassus et al. 2006) , offering evidence for very small grains, or electric dipole radiation from hydrogenated fullerenes (Iglesias-Groth 2006). These interstellar Na I lines are projected upon a very wide absorption trough, which on the shortward side stretches to at least -165 km s −1 . On the longward side, the wing is equally pronounced, although the edge is more difficult to define, but it seems to extend to at least the same (positive) velocity. It should be noted that the pressure broadened wings of the Na I lines in the K3 V reference star extend to approximately the same velocities (see bottom panel of Fig. 3 ).
Results

High Dispersion Optical Spectra
The general features of the extended Na I structure in 2002 can be reproduced as the sum of a flat continuum that contributes about 0.65 of the total flux in this region, and a K3 V spun up to about v sin i = 40 km s −1 and shifted to about v ⊙ = +65 km s −1 ; it provides the remaining 0.35. Fig. 4 shows the resulting 'composite' spectrum (dotted) superposed upon the observed.
The 2003 spectrum can be similarly fitted, but with 0.48 of the total contributed by the K star and 0.52 by the continuum, the former shifted to v ⊙ = +10 km s −1 . In 2006, the proportions were the same but the K star shift was to +5 km s −1 . (These velocities are estimated to be uncertain by several km s −1 .) They are repeated in the last line of Table 1 (6707) by Mekkaden et al. (2007) , at a resolution of R ∼2400, range between 0.37 and 0.58Å (typical error 0.05Å) over an interval of 1.2 years, with no dependence on the photometric period of 2.26 days. Small variations in λ6707 equivalent widths have also been observed in some young stars (Patterer et al. 1993 ) related to magnetic activity and star spots. Also, Stout-Batalha et al. (2000) noted that the Li I 6707 line in RW Aur is enhanced when accretion rates increase. Figure 6 shows major structural changes from epoch to epoch in the lithium line. Additionally, these changes are mirrored in the adjacent Ca I λ6717 line. The structure of the lithium and calcium lines is generally not seen in the numerous other absorption lines in the spectrum of HBC 515, except for certain Fe I lines. Figure 7 shows a region between 5440 and 5480Å, where three Fe I lines are present. All of these lines mimic the structure seen in the Hα line as well as in the Li I and Ca I lines (see Table 1 ). In 2002 three features (labeled a, b, c in Table 1 ) were clearly identified, with v ⊙ of approximately -95, -8, and +66 km s −1 . In 2003, only two features were visible, with v ⊙ of about -20 and +38 km s −1 . The variability of this structure is discussed in Section 5.
Ultraviolet Spectra
A low-dispersion ultraviolet spectrum of HBC 515 in the range from 2400Å to 3350Å has been obtained with the IUE satellite. The spectrum is shown in Figure 8 , where the version included in the homogeneously reduced atlas of IUE spectra of PMS stars by Valenti et al. (2003) has been chosen. HBC 515 shows a well defined continuum with weak emission from the unresolved Mg II 2800 line. The Mg II line is a resonance doublet (λλ2795.53 and 2802.71Å) and is the strongest near-ultraviolet feature seen in the spectra of T Tauri stars, and has been extensively studied both theoretically and observationally (e.g., Ardila et al. 2002) . The Mg II line flux in HBC 515 is 1.8 ×10 −13 ergs s −1 cm −2 .
AO K-band Imaging
HBC 515 was observed with adaptive optics in the K-band at the Subaru 8m telescope, and the resulting image is shown in Figure 9 . The observations reveal that HBC 515 is a close binary with components of almost identical brightness. Henceforth the bright optical component is referred to as HBC 515A, and the individual components as Aa and Ab. Component Aa to the east is marginally brighter than component Ab, with a flux-ratio of 1.03. The separation of the components is about 0.5 ′′ , and the position angle of component Ab relative to Aa is 259
• . The pointspread function of component Ab is slightly elongated along the axis of the system, with a FWHM of 0.123 ′′ compared to a FWHM of 0.092 for the Aa component. This might possibly indicate that Ab itself could also be a binary, however the observations were performed under difficult seeing conditions, so further observations are required to establish whether the Ab component is a binary.
Infrared Spectroscopy
A near-infrared spectrum covering the range from 1 to 4 µm was obtained of HBC 515 using SpeX at the IRTF. Part of the spectrum in the 1.0 to 1.3 µm region is seen in Figure 10 . The spectrum shows a wealth of absorption lines, with no features in emission. We are indebted to Michael Connelley for running his code that matches equivalent widths of photospheric absorption lines with those from spectral standards in the SpeX library (Rayner, Cushing, Vacca 2009) 3 . Based on equivalent widths of 44 lines, the numerical goodness of fit is strongly peaked at a spectral type of K2, with acceptable fits in the range K0-K5. The code allows veiling as a free parameter, but no veiling was required to obtain a consistent fit with the spectral standards. The most prominent features in the near-infrared spectrum of HBC 515 are the CO bands in the 2.3-2.4 µm region. The equivalent width of the first CO band is 6.58±0.52Å, and the value for a K2V standard is 6.52±0.46Å. So, the infrared spectral type of HBC 515 is in perfect agreement with the optical classification of K2V obtained by Racine (1968) and Herbig (1977b) . An unusual spectral feature in the near-infrared spectrum of HBC 515 is a strong high-excitation He I absorption line at 1.083 µm (see Figure 10) . We discuss the presence of this line in Section 5.
Given that HBC 515 has been resolved into two components, it is of interest to learn if the infrared spectrum is due to both components or is dominated by one of them. While obtaining adaptive optics imaging of HBC 515 we also acquired adaptive optics low-resolution K-band spectroscopy of the individual components. The resulting spectra are shown in Figure 11 . The CO bands are a little stronger in the western slightly fainter component (Ab), suggesting that it may have a marginally later spectral type, but the two components are evidently very similar.
Spitzer Mid-Infrared Imaging
In the AO K-band image of HBC 515 one sees a faint star, here called HBC 515B, at a separation of 5.3
′′ from HBC 515A and at a position angle of 41
• (see Fig. 12 ). Spitzer archival images from IRAC and MIPS were used to derive the 3.6, 4.5, 5.8 and 8 µm magnitudes given in Table 3 . Fig. 13 is a mosaic of those IRAC images. In all four images, four sources are visible, and at the shortest wavelengths HBC 515A is the brightest, but the B-component is much brighter than in the K-band. At 5.8 µm, B is as bright as A, and at 8 µm it is the dominant source in the system. Fig. 14 shows the MIPS 24 µm image; at this wavelength, the B-component completely overwhelms the much fainter A-component.
The other two sources visible in the Spitzer images are L1622-6 about 17
′′ to the west, and a faint source about 36 ′′ NNW of HBC 515, which Kun et al. (2008) have dubbed L1622-6N and found to be an Hα emission star. Fig. 15 shows the location of these objects in a near-infrared color-color diagram. It appears that the fourth star is an infrared-excess object, and thus part of a little grouping of young stars surrounding HBC 515. L1622-6 and L1622-6N are likely to be physically associated with HBC 515; in the following they are designated as HBC 515C and HBC 515D, respectively. Table 3 lists the available optical and infrared photometry of HBC 515 and its components, obtained from Kun et al. (2008) and from the 2MASS and Spitzer data sets. Additionally, IRAS detected HBC 515 at 12, 25, and 60 µm, with flux densities of 0.52, 1.16, and 11.37 Jy. The uncertainty ellipse has semimajor axis and semiminor axis of 19 ′′ and 6 ′′ , respectively, at a position angle of 88
Photometry of HBC 515
• . This means that the observed fluxes combine contributions from HBC 515A, B, and C. This has been partitioned by adding the Spitzer 24 µm fluxes for components B and C, and subtracting this from the IRAS 25 µm flux to arrive at the contribution for HBC 515A. In view of the energy distributions of components A and C, the entire 60 µm flux has been attributed to HBC 515B. The resulting energy distributions are shown in Figure 16 .
Spectral energy distributions for a large range of stellar and disk parameters have been calculated by Robitaille et al. (2006 Robitaille et al. ( , 2007 , and the data points shown in Figure 16 have been compared to their models. The constraints posed by the photometry has narrowed the relevant models from Robitaille et al., and the four panels in Figure 17 show the possible remaining fits to the four components of HBC 515. Conclusions about the individual stars are drawn below:
HBC 515A. The spectral energy distribution of this close K2V binary is very well matched by a black body with a temperature of about 5000 K and a modest extinction of A V ∼1. Only at the very longest wavelength at which photometry is available, 24 µm, is there a clear deviation from a black body, indicating the presence of circumstellar material (Figs. 16, 17, & 18) . The lack of observations at longer wavelengths, however, makes it impossible to constrain the properties of this disk material. Integration under the 5000 K black body yields a luminosity of 23 L ⊙ . If the components are identical, each has a luminosity of ∼11.5 L ⊙ . If this is compared to the PMS evolutionary tracks of D'Antona & Mazzitelli (1994), a formal fit suggests that each component of the binary is a 1.8 M ⊙ star with an age of only about 500,000 years. The narrow spacing of the Hayashi evolutionary tracks as a function of effective temperature means that the individual masses could be anywhere in the 1.5 -2.0 M ⊙ range. The stars are close to the end of their Hayashi tracks, and will next turn onto their radiative tracks where they will rapidly appear as late Herbig Ae stars, ultimately reaching the main sequence as A stars (see Gray & Corbally 1994 for a relation between effective temperature and spectral type).
HBC 515B. As noted earlier, the B-component is heavily extincted, is invisible at optical wavelengths, but emerges in the K-band, and rapidly brightens towards longer wavelengths, and completely dominates all the other components at 24 µm. The Spitzer color-color diagram in Figure 18 suggests that the object is at the border between the Class I and Class II sources. The energy distribution indicates the presence of substantial circumstellar material. The total luminosity in the observable range from 2.2 µm to 60 µm is 1.6 L ⊙ . This is certainly seriously affected by extinction. If we, merely as a matter of exercise, assume that HBC 515B is similar to (one of) the components in HBC 515A, then we can crudely connect a 5000 K blackbody curve to the shortest wavelength data points if an extinction A V of about 20 magnitudes is applied. HBC 515C. This object has a spectral type of M4 based on optical spectroscopy by Kun et al. (2008) and it shows Hα in emission. The spectral energy distribution of HBC 515C out to 8 µm shows only a minor deviation from a stellar blackbody (Figure 17) , indicating that only a small amount of warm circumstellar material in an inner disk is present. But the surprisingly large 24 µm flux shows that a much larger reservoir of cool circumstellar material is present at larger distances. This is the spectral behavior of the rare class of transitional disks, which are interpreted as having an optically thin inner disk surrounded by an optically thick outer disk, or possessing an inner gap in the disk, possibly due to planet formation (e.g., Najita et al. 2007 ). The characteristic energy distribution of the HBC 515C star is reminiscent of the transitional disks around GM Aur and DM Tau (e.g., Calvet et al. 2005) . The luminosity of HBC 515C in the observed range from 0.5 to 24 µm is 1.3 L ⊙ .
HBC 515D. The spectral energy distribution of HBC 515D is very typical of T Tauri stars, and indicates the presence of a circumstellar disk. The spectral type of the star is M3 according to Kun et al. (2008) , and it shows Hα emission. The MIPS observation at 24 µm is not sufficient to constrain the cool outer disk material. The luminosity of HBC 515D from 0.5 to 24 µm is 0.3 L ⊙ .
ROSAT X-ray Detection of HBC 515
The ROSAT all-sky survey bright source catalogue (Voges et al. 1999 ) contains a quite bright X-ray source, 1RXS J055402.6+014024, which coincides with the position of HBC 515. The count rate is 0.26±0.02 ct/s, and the hardness ratios 1 and 2 are 0.97±0.02 and 0.30±0.08, respectively, among the most common for ROSAT sources. While the astrometric accuracy of the ROSAT sources is very good, the very large beam of ROSAT means that components A, B, C, and D are all included, and examination of the pointspread function shows that the profile is elongated towards C and D, and in fact is brightest on the western side, suggesting that these two sources contribute significantly to the detection. Little can be said other than that the X-ray detection of the HBC 515 system is unsurprising for a group of young stars.
The Reflection Nebula of HBC 515
HBC 515 is surrounded by a large reflection nebula known as vdB 62 (van den Bergh 1966) or Parsamian 3 (Parsamian 1965) . Figure 19 shows a contour plot of the nebula, which stretches over almost 1 ′ . The morphology of the inner region, with its one-armed spiral structure, is reminiscent of the reflection nebulae around several FUors (e.g., Goodrich 1987) . Examination of the inner contours suggests that either HBC 515 is seen down through a cavity that is approximately directed towards the observer or HBC 515 is located above the cloud surface and illuminates it. Either case would explain why the star is not heavily extincted.
Other Binaries and Multiples in L1622
The two lists of PMS stars in L1622 by Kun et al. (2008) and Reipurth et al. (2008) contain a total of 32 young stars and embedded sources. Some of these are in binary systems, specifically the binary L1622-10 and the triple system LkHα 336 (Reipurth & Zinnecker 1993) . The deep Hα image taken at the Subaru 8m telescope in 0.75 ′′ seeing has been searched for new visual binaries. Eight of the embedded sources have no optical counterpart and three objects are outside the field of the CCD image. Among the remainder, one more binary system is discovered, it is detected in the 2MASS survey as 2MASS05540455+0142587, and is located roughly 3 ′ north of HBC 515 (see Figure 20) . The binary has a separation of about 1.6 ′′ with the fainter companion at position angle 105
• and is associated with a compact reflection nebula extending towards the southwest (Figure 21 ). The primary is visibly elongated, and since the pointspread function of the image is perfectly circular this suggests that either the primary is an unresolved binary itself or the star is associated with a compact reflection nebula.
Discussion
In the following, various issues that have been motivated by the observations described in the previous sections are considered.
Understanding the Structure of Lithium in HBC 515
In Section 4.1 it was noted that considerable structure is seen in Li I 6707 and Ca I 6717, in Hα, and in several Fe I lines. This structure is reproduced in all of these lines, but varies from epoch to epoch. Table 1 Such structure seems to indicate the presence of three stellar components in the HBC 515 binary, which implies that at least one of the components detected with AO must be a spectroscopic binary. This is not at all an unreasonable assumption, as is discussed below. However, it should be noted that the multiple structures are not seen in any other of the hundreds of well defined photospheric lines in the rich spectrum of HBC 515. The complex structures are visible only at Hα, and in the lines of Li I 6707, Ca I 6717, and in certain Fe I lines, and their motion is consistent with the shifts in the Na I doublet (Sect. 4.1). These lines have in common that they all have a very low excitation potential. The behavior of the lithium line is particularly interesting. Herbig (2008) found that Li I 6707 could change into emission in the EXor V1118 Ori, and in a detailed study of the classical FUor V1057 Cyg, Herbig (2009) found that Li I 6707 showed several components changing with time, which were ascribed to variations in the powerful winds from the FUor. Hence, an alternative interpretation of the multiple structures is that a similar phenomenon is seen in HBC 515. Finally, if at least one of the two HBC 515A components is a close binary, then the orbital motion may stir up the circumstellar material remaining in the system, leading to broad, multiple, high velocity structures detectable in absorption in low-excitation lines. If there is only little such material close to the star, this would be consistent with the absence of infrared excess in HBC 515. The present observations do not permit one to choose between these three interpretations.
The He I 1.083 Absorption Line in HBC 515
An unusual feature of the near-IR spectrum of HBC 515 is a strong (W = 1.7±0.2Å) absorption line near the position of the first member of the 2 3 S -n 3 P o series of He I at 1.08303 µm. He I lines are found in emission in both the optical and near-IR region of T Tauri stars (Beristain et al. 2001 , Takami et al. 2002 . P Cyg structure at 1.083 µm in some active TTS has been discussed by Edwards et al. (2003 Edwards et al. ( , 2006 . In such objects energetic infall phenomena and hot inner disk winds are believed to be responsible: since the lower state of 1.083 µm is metastable, 19.7 eV above the ground, it must be fed by decay of higher He I levels populated by some high-temperature process.
1.083 µm and the next member of that series at 3888Å have been found in absorption against the continua of OB stars in the Orion Nebula and M8 (Wilson 1940 , Münch & Wilson 1962 , Oudmaijer et al. 1997 . In that environment the over-population of 2 3 S is not so surprising, although the precise mechanism is unclear; one possible explanation is absorption by inhomogeneities in the surrounding HII region. But 1.083 µm absorption has also been found in cooler stars, first shown in a study by Zirin (1982) , and later in a survey of K-M stars by Lambert (1987) . It has also been reported in H-deficient carbon stars by Geballe et al. (2009) , and in a metal-deficient red giant by Dupree, Sasselov & Lester (1992) .
Clearly there is ample precedence for the appearance of 1.083 µm in absorption in a star as cool as HBC 515. It should be noted, however, that there may be a contribution from Si I 1.0827 µm: see the high-resolution spectra of similarly cool stars published by Lambert (1987) .
The Mid-Infrared Companion
The nature of the infrared companion revealed by Spitzer is not well constrained by the available observations. From its energy distribution and the fact that it is heavily extincted it is either a deeply embedded T Tauri star or a protostar, presumably a Class I source. The existence of a deeply embedded protostar next to a visible young star is not unique, other cases include V1735 Cyg SM1 located about 20 ′′ northeast of the FUor V1735 Cyg (Sandell & Weintraub 2001) , Re 13 SM located about 7
′′ from Re 13 (Sandell & Weintraub 2001) , as well as deeply embedded mid-infrared or submillimeter sources next to the Herbig Ae/Be stars LkHα 198 (Sandell & Weintraub 1994) , LkHα 234 , Cabrit et al. 1997 , and LkHα 225S (Looney et al. 2006 ). It appears, however, that the close association of a weakline T Tauri star and a deeply embedded young star in a multiple system is highly unusual.
HBC 515A: Proto-Algols or a Quadruple System?
In Section 4.6 a comparison of the observed parameters for HBC 515A with theoretical evolutionary tracks suggested that the two very similar components would soon evolve into Herbig Ae/Be stars. However, instead of explaining the considerable brightness of HBC 515A as due to components of fairly high mass, another possibility is that HBC 515A is not only a binary, but a quadruple system containing 4 T Tauri-like stars. Adaptive optics observations with even higher resolution than the present ones would be needed to test this alternative hypothesis. It is of interest, however, to consider the evolution of such a quadruple system. Reipurth & Aspin (2004) suggested that quadruple systems that have recently transformed from a non-hierarchical to a hierarchical configuration would be progenitors of the rare visual binaries in which each component is a FUor. If HBC 515A is indeed a quadruple system, then the close quadruple encounter required for such a transformation would severely truncate the circumstellar material of the components, and might be the cause of their current appearance as weak-line T Tauri stars. However, the small remaining and truncated circumstellar disks are fed from a circumbinary disk through gas streams, and this as well as other dynamical effects cause each close binary orbit to shrink (Artymowicz & Lubow 1996) . Eventually the components in each of the two close binaries get so close that their remaining disks interact, and each pair erupts in FUor outbursts, producing a wide binary system with two FUors. If this alternative interpretation of HBC 515A is correct, then the HBC 515 system may still have surprises in store.
The Distant Components in the HBC 515 Multiple System
As noted earlier, HBC 515 is associated with two nearby young stars, one 17
′′ and another 36
′′ distant, which are here denoted HBC 515C and D, respectively. Given the low space density of known young stars in the L1622 cloud, it appears highly unlikely that these two stars are unrelated to the star formation activity that produced the HBC 515 system. Rather, they could well be dynamically ejected into extended bound orbits around the principal HBC 515A/B system. Once the compact cloud core associated with HBC 515A/B is dispersed these outliers are likely to gently drift away (Connelley, Reipurth, Tokunaga 2008a ).
In conclusion, the seemingly disparate observational facts about HBC 515 discussed in this paper appear to be best understood in terms of the dynamical evolution of the components in a newborn multiple system. The well-defined photospheric lines allow for an accurate spectral classification. The He I line at 1.083 µm is highly unusual for the spectral type. The higher noise in the continuum around 1.13 µm is due to terrestrial effects. 
5.8um 8um
4.5um ′′ to the NE, and the two low-luminosity companions HBC 515C and D are seen 17
′′ to the west and 36 ′′ to the NNW, respectively. 
